Introduction 34
The sensorial properties of cheeses made from raw milk depend on a number of key 35 factors, such as type of milk, animal breed and nutrition and technology of manufacture. 36 6 2.4. Safety assessment 111
Production of gelatinase and haemolysins 112
Production of gelatinase was tested on Todd-Hewitt agar containing 30 g of 113 gelatin/litre, as described by Coque et al. (1995) . The production of haemolysins was 114
analysed by a plate assay in Columbia agar plates containing 5% defibrinated human blood 115 (Merck, Darmstadt, Germany) . The presence of haemolysis is indicated by the formation of 116 clear zones surrounding the colonies. 117
Production of biogenic amines 118
Production of the biogenic amines tyramine and histamine was analysed by an agar 119 plate assay, as reported by Bover-Cid and Holzapfel (1999) . Amino acid precursors, 120 tyroxine and histidine, respectively, were added at 1% to the growth medium. 121
Antibiotic resistance 122
The minimum inhibitory concentration (MIC) was determined by microdilution in 123
VetMIC
TM plates for lactic acid bacteria (National Veterinary Institute of Sweden, Uppsala, 124 Sweden), containing two-fold serial dilutions of 14 antibiotics. Colonies grown in LSM 125 (Klare et al., 2005) agar plates were suspended in 2 mL of sterile saline (Oxoid, 126 Basingstoke, Hampshire, UK) to obtain a density corresponding to McFarland standard 1 127 (spectrophotometric equivalent 3 × 10 8 cfu mL -1 ). The suspension was further diluted 128 1:1000 with LSM (final cell concentration 3 × 10 5 cfu mL -1 ). One hundred microlitres of 129 7 GAYACICCIGGICAYRTIGAYTT-3') and DII (5'-G 135 CCCARWAIGGRTTIGGIGGIACYTC-3') (Clermont et al., 1997) , and following the 136 reported PCR conditions. Amplicons were purified and sequenced by cycle extension in an 137 ABI 370 DNA sequencer (Applied Biosystems, Foster City, CA, USA). Sequences were 138 finally compared with others in databases. 139 140 2.5. Technological characterisation 141 2.5.1. Growth and acidification of milk 142
Acid production was determined in UHT-treated milk (CAPSA, Siero, Spain) . A 1% 143 inoculum from an overnight culture was used to inoculate UHT milk, which was then 144 incubated at 22ºC; samples were scored for clotting at 15, 18 and 24 h. The pH was 145 measured at 24 h with a Crison pH-meter (Crison Instruments S.A., Barcelona, Spain) . 146
Appearance of the coagulum by visual inspection was also recorded. 147
Production of volatile compounds 148
Analysis of volatile compounds was performed after growth of the strains at 30ºC in 149 UHT-treated milk (CAPSA) for 48 h. Cultures were supplied with 100 L of internal 150 standard (cyclohexanone, 0.36 mg mL -1 ) and stored at −80°C until analysis. As ribosomal DNA had been amplified from cell extracts obtained directly from the 167 counting plates, isolates were subcultured twice in M17 plates and isolated colonies were 168 utilised to inoculate M17 broth. Total DNA was purified from overnight cultures in this 169 medium. The identity of the isolates was verified by partial ARDRA, for which ribosomal 170 DNA was amplified with primers 27F and 1492R and digested with the restriction enzymes 171
HaeIII and HhaI. As judged by a previous in silico analysis, the latter enzyme generated 172 recognisably different restriction patterns for L. garvieae species and its relative L. lactis. 173
All isolates utilized in this study displayed ARDRA patterns for these two enzymes 174 identical to those of L. garvieae CECT 4531 T , as shown in Fig. 1 for three isolates. 175
Once the identity of the isolates was assured, they were all subjected to REP typing 176 with primer BoxA2R, and to RAPD analysis with primers OPA-18 and M13. L. garvieae 177 isolates had been obtained from a single cheese batch, which anticipated the isolation of 178 replicates. Surprisingly, the REP profiles with primer BoxA2R were found to be identical 179 (as shown for 15 isolates in Fig. 2A ), suggesting isolates could also be the same strain. 180
However, four RAPD patterns were obtained with primer M13; although the profiles were9 highly similar and shared over 80% identity, they differed in a few faint bands (data not 182 shown). Production of strain-specific bands in bacterial species with primer BoxA2R has 183 been repeatedly reported (Koeuth et al., 1995; Malathum et al., 1998; Esteves et al., 2006) . 184
Furthermore, homogeneous RAPD groups of L. garvieae isolates from different cheeses 185 obtained with primer M13 has been reported recently (Foschino et al., 2008) . 186
In the search for a more discriminating RAPD analysis, the OPA-18 primer was 187 identified, which yielded three clear-cut distinct profiles (Fig. 2B) . Thirty six isolates where 188
shown to belong to genotype (a), nine to genotype (b) and the remaining two to genotype 189 (c) (Fig. 2B) . These results demonstrated the unambiguous presence of at least three 190 different genetic strains. Parallel genetic variability and relatedness has recently been 191 reported for L. garvieae strains isolated from traditional Italian cheeses (Foschino et al., 192 2008) . Furthermore, the L. lactis population of Casín (Alegría et al., 2009 ) and other 193 traditional cheeses made from raw milk has been reported repeatedly to consist of a similar 194 number of strains (Corroler et al., 1998; Mannu et al., 2000; Delgado and Mayo, 2004 As measured by the semi-quantitative API-ZYM method, the enzymatic profiles 214 displayed by the L. garvieae strains were rather weak ( Table 2 ). All strains presented 215 moderate esterase (C4), esterase-lipase (C8) and leucine arylamidase activities, and low 216 levels of acid phosphatase and naphtol-AS-BI-phosphohydrolase. Though positive strains 217 showed low activity, variability among strains was found for alkaline phosphatase, valine 218 arylamidase, trypsin, -chymotrypsin, -galactosidase, -glucuronidase, and -219 glucosidase. Similar reduced enzymatic profiles were observed for control strains. In spite 220 of this similarity, L. lactis subsp. lactis LMG 6890
T showed high -and -glucosidase 221 activities. The latter activity was absent in the assayed L. garvieae strains. 222
Scarce data are available on the phenotypic and biochemical properties of L. garvieae 223 strains from dairy sources. In spite of a high genetic similarity among strains, a certain 224 degree of variability was observed for carbohydrate utilisation and some enzymatic 225 activities. In contrast with fish pathogens, L. garvieae strains from dairy origin are all 226 lactose fermenters (Teixeira et al., 1996; Fortina et al., 2007) . This agrees well with the 227 results obtained in this work, in which the only lactose negative strain was L. garvieae 
Safety assays 244
All 47 wild isolates were assayed for the presence of haemolysin and gelatinase 245 activity, as well as for the production of biogenic amines. Haemolysis (of either -or -246 type) and gelatinase activities were never detected. In addition, none of the strains was 247
shown to produce either tyramine or histamine on the plate assays. These results agree well 248 with those reported by Fortina et al. (2007) , except for the presence in their isolates of 11 249 strains from Caprino Lombardo cheese producing tyramine. Thought L. garvieae is a well 250 recognized fish pathogen (Vendrell et al., 2006) , and has been implicated in subclinical12 cases of mastitis in cows (Teixeira et al., 1996) , true factors of pathogenesis in this species 252 have never been reported, except for the presence of capsule, which is associated with 253 pathogenicity in fish (Vendrell et al., 2006 obtained in all resistant strains with universal primers for tetracycline resistance genes 277 encoding ribosomal protection proteins (Fig. 3) . Sequencing of the amplicons and analysis 278 of the sequences showed that a tet(M) gene, identical to each other and to many others in 279 databases, was responsible for the high tetracycline resistance. Genes tet(M) and tet(S) 280 encoding ribosomal protection proteins already have been identified in both dairy and fish 281
isolates (Kim et al., 2004; Fortina et al., 2007; Maki et al., 2008; Walther et al., 2008) . T and NCIMB 700608, respectively. Despite this, at least 293 seven volatile compounds could be detected by GC/MS after growth of the strains in milk 294 at 30ºC for 48 h (Table 4) . Furthermore, volatile profiles of L. lactis and L. garvieae strains 295 were shown to be similar in both qualitative and quantitative terms. Though differences 296 among strains were found, ethanol was the major volatile compound of the profiles and was 297 produced by all strains. Small amounts of acetaldehyde and 2-propanone were also 298 produced by all strains. Marginal levels of acetoin and diacetyl were detected in samples 299 fermented by all eight and three L. garvieae strains, respectively. The repeatability of this 300 analysis was shown to be high, as the coefficient of variation for the different volatile 301 compounds and strains varied from 1 to 8%. 302 L. garvieae cheese isolates from this work and others (Fortina et al., 2007) Bacteriology, 46, [664] [665] [666] [667] [668] Topisirovic, L., Kojic, M., Fira, D., Golic, N., Strahinic, I., Lozo, J., 2006 . Potential of 429 lactic acid bacteria isolated from specific natural niches in food production and 430 preservation. International Journal of Food Microbiology, 112, [230] [231] [232] [233] [234] [235] Vendrell, D., Balcázar, J. L., Ruiz-Zarzuela, I., de Blas, I., Gironés, O., Múzquiz, J. L., 432 Table Table 2 Table Table 4 
